A cDNA coding for pre-prochymosin was subcloned into the transcription/translation vector pGEM and transcribed iri viiro. The resulting transcript was translated in a rabbit reticulocyte lysate as previously described [7] . Lane 1: molecular mass markers. Lanes 2 , 3, 6 and 7: products of translation in the presence of microsomes. Lanes 4, 5 , 8 and 9: products of translation in the absence of microsomes. Products of translation were separated under reducing conditions, lanes I , 2.4.6. 7.8 and 9; or under non-reducing conditions, lanes 3 and 5. Products of translation were treated with proteinase K in the absence (lanes 6 and 8), or presence (lanes 7 and 9) of Triton X-100.
-+ -+ One striking observation is that subunit 10 is smaller than subunit 12, yet when these subunits are separated by SDS/ polyacrylamide-gel electrophoresis (PAGE), subunit 10 has a slower mobility than subunit 12. We have confirmed these results by expressing both subunits in vitro and analysing translation products by SDS/PAGE. When high molecular mass glutenins are expressed in vitro, translocation, processing and intramolecular disulphide bond formation occur. If the translation products are separated by SDS/PAGE in the presence of urea, the relative mobilities of the proteins are as predicted by molecular mass. This suggests that subunit 10 is not fully denatured in the presence of SDS and that differences in conformation between subunits 10 and 12 give rise to the anomalous electrophoretic mobility. To investigate which region of the protein is responsible for this difference in Conformation, gene hybrids have been constructed and the resulting hybrids expressed in vitro. Using this approach we have identified a region of the protein which is responsible for the anomalous mobility of subunit 10 and which contains only six amino acid differences from subunit 12.
We have demonstrated that by expressing proteins in a specialized cell-free system we can identify specific regions that are responsible for some of their physical properties. We aim to extend the assay system developed for prochymosin to identify mutants that are unable t o fold correctly. Thus the in vitro transcription/translation of cloned genes offers an alternative and quick method for identifying mutants that affect motein conformation and stabilitv. tic prochymosin and is an indication of the correct folding of this protein.
Pre-prochymosin translation products were also separated under conditions where disulphide bonds remain intact (lanes 3 and 5). Products translated in the presence of microsomes showed a faster migrating band when analysed under non-reducing conditions than under reducing conditions (lanes 2 and 3), indicating the formation of intramolecular disulphide bonds. Products translated in the absence of microsomes showed no such difference (lanes 4 and 5). Thus prochymosin synthesized in the presence of microsomes contrasted with pre-prochymosin synthesized in the absence of microsomes, in that the protein formed disulphide bonds and adopted a conformation which showed a resistance to proteolysis similar to that of the authentic protein. We are now using this system to identify specific residues in the prosequence that have an effect o n the correct folding of prochymosin. Vol. 17
BIOCHEMJCAL SOCIETY TRANSACTIONS
In this study of freeze-induced degradation and denaturation. yeast alcohol dehydrogenase. pig liver cytosolic aldehyde dehydrogenase and NADH were chosen as model biological systems.
Methods
Freeze-induced pH changes in frozen biological buffer solutions were measured by the colour change of added universal indicator solution. All buffers, NADH and enzyme samples were frozen in 1 ml plastic vials and defrosted by immersion in 45°C water.
NADH concentrations were determined by enzyme assay 131.
Resiilts ut id disciissior i NADH could not be freeze-stored at -25°C in 50 mMsodium phosphate buffer (pH range 6-8 20°C) without serious loss of the nucleotide; however, no losses were seen upon freeze storage in 50 mM-Hepes buffer (pH range 7-8, 20°C). The rate of NADH degradation was greater (approx. 2-fold) in 50 mM-than in 5 mM-sodium phosphate buffer, although NADH values at both buffer concentrations were similar (5% remaining) after the 2 day freezing period. However, NADH stored in liquid nitrogen in 50 rnM-sodium phosphate buffer, pH 7.0, retained XY'% of its pre-freeze value over a 2 day storage period.
The rate of freeze-induced NADH degradation was not affected by the number of times the sample was thawed and refrozen. Very little difference was seen in the degradation rate of single freeze samples over that of the multifreeze sample. Thus, it would appear that time spen! in the frozen state is the major factor responsible for NADH degradation other than the freezing process itself.
NADH incubated at 4°C at pH 3.7, 5.0, 6.0, 7.0, 7.5 and 8.0 showed considerable degradation at acidic pH. The degradation profile at pH 3.7 at 4°C was very similar ( I , , , 5 h ) to that seen with 50 mM-sodium phosphate buffer pH Bovine serum albumin retarded the freeze-induced pH changes in phosphate buffers with higher protein concentrations being more effective (7.5 mg of BSA/ml prevented any pH change). Similarly, dimethyl sulphoxide and glycerol retarded the pH changes with 30% of either cryoprotectant preventing any pH change.
On freezing yeast alcohol dehydrogenase and pig liver cytosolic aldehyde dehydrogenase in sodium phosphate and Hepes buffers, pH 7.0, in both cases enzyme losses are much greater in sodium phosphate buffer than Hepes buffer and were greater at -90°C than at -196°C. Sample activity retention showed little dependence o n the freezing rate as samples frozen rapidly by immersion in liquid nitrogen and then transferred t o -25°C showed similar losses t o those frozen slowly from room temperature t o -25°C.
Protein freeze storage has. in the past, been more o f an art than a science and any rules governing such freezc storage, if indeed any exist, have been rather empirical. The major cause of protein denaturation upon freezing could be due t o the development of an acidic pH. although the extent of such denaturation is variable with diffcrent proteins (4 1.
It is suggested that the following steps, if followed progressively, might help to reduce the time spent and the material lost in the usually 'hit and miss art' o f protein freeLe storage: ( 1 ) Where possible, store samples in zwitterionic buffers which show little pH change on freezing (such as Hepes). ( 2 ) Storage at liquid nitrogen temperatures. (3) If storage in inorganic buffers cannot be avoided then: ( u ) determine the pH change of buffer upon freezing by the indicator method; ( h ) replace one buffer, where possible, with another in which the pH change is smaller (such as potassium phosphate for sodium phosphate); (c) freeze at high protein concentration to prevent pH changes, the indicator method can be used t o determine the minimum protein concentration required; ( d ) use small volumes to allow for rapid freezing and thawing; and ( e ) use additives: test the cryoprotectant's ability to prevent buffer pH changes by the indicator method; the cryoprotectant action might be protein specific and require a lengthy test procedure.
7.0 upon freezing and storage at -25°C.
From the colour changes observed in frozen mixtures of buffers with universal indicator solution, phosphate buffers were shown to give considerable pH changes upon freezing ( -25°C to -105"C, ApH 3-6 units), while buffers such as Hepes showed no such changes. In general, buffers made from a mixture of inorganic salts showed greater pH changes than those seen with zwitterionic organic buffers. The diazornethane peptide inhibitor, Z-( '2SI]Tyr-Ala-CHN, has been shown to enter cells and specifically label the lysosomal cysteine proteinases cathepsins L and B [ 11. The uptake of similar inhibitors by cells is thought to occur via pinocytosis [ 21, although passive diffusion of this inhibitor across the membrane cannot be discounted. To determine whether this may occur, we have looked at the ability of this inhibitor to enter isolated lysosomes.
Mouse liver lysosomes were purified according to the method of Yamada et ul. [3] . This method involves the preswelling of a crude lysosoma-mitochondria1 fraction with 1 mM-calcium chloride to specifically decrease the density of mitochondria to enhance their separation from lysosomes on a Percoll gradient. The fractions enriched in lysosomal enzyme activity were then used for the study.
Percoll-gradient fractions of lysosomes were labelled for varying lengths of time with 0.1 pM-Z-[ '2SI]Tyr-Ala-CHN,. The fractions contained 0.25 M-sucrose at pH 7.3. After labelling, the lysosomes were spun down ( 10 000 g for I0 min) and solubilized using SDS/polyacrylamide-gel electrophoresis (PAGE) sample buffer. Samples were then run o n 12.5% (w/v) SDSlPAGE and autoradiographed to visualize the labelled ?roteins. lmmunoprecipitation was performed by solubilization of the lysosomes in buffer containing SDS/ Triton X-100 for cathepsin B or sonnicated in low-salt buffer for cathepsin L and precipitated as described previously I 1 I.
Three main proteins labelled and were identified as cathepsin L, M , 24000 and cathepsin B, single chain M ,
